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Abstract 
Nowadays, underground structures play vital role in developing different countries. Such structures are constructed in 
many civil activities such as development of road and railways, subways, water, gas and sewage lines, underground 
subways, nuclear wastes land filling, fuel storage and military installations. With an appropriate drilling method 
being selected, instabilities created in tunnels may be controlled, the volume of maintenance systems required in 
structures may be decreased, and extra costs arising from it may be decreased as well. Excavation of surface tunnels 
may bring about changes on the surface and in the adjacent structures. Settlement on the surface and instabilities in 
adjacent structures as a result of stress induction are among the most important changes of this kind. Plaxis software 
has been used in the research to evaluate the technical parameters of tunnel such as tunnel diameter, tunnel depth 
from the earth surface, drilling method and distance from adjacent structures. Meanwhile it investigates the effects of 
urban tunnel drilling as lifelines on adjacent structures and render the results in the form of a diagram.  
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1. INTRODUCTION
Investigation of the soil behavior against tunnel construction is one of the subjects being studied in the 
geotechnical scope, which has appropriated many recent studies and papers (Chou and Bob, 2002). The 
situation of the network of urban roads, considering one of the most important components of 
transportation lifelines, grows importance following the occurrence of natural accidents such as 
earthquakes. Since transportation lifelines play the role of determinants in proper conduction of auxiliary 
and logistic traffics, awareness of new provisions of roads network at the quickest possible time 
immediately after the earthquake occurrence may help in crisis management in the damaged area (Negro 
and Queiroz, 1999). 
Generally speaking, tunnel drilling at any soil depths resulted in changing stress distribution system 
causes convergence in tunnel and deformations in the surface. Such convergence begins prior to the 
arrival of work front at the intended section, and its commencement is from a point about the radius of 
tunnel from work front; meanwhile such an effect fades at a distance twice as much as the tunnel radius 
(Hseih, 1998). 
By the time the work front has crossed the intended section, the displacements increase. Since tunnel 
drilling is usually conducted in shallow depths, its effect can extend to the surface and develop 
settlements. So, such a settlement poses threats to the existing structures. Manner and quality of the effect 
depend on different factors such as soil conditions, underground water, tunnel situation and etc 
(Jafarpisheh and Vafaeian, 2003) 
Considering the fact that there is a short distance from the axis crossing the tunnel center in some 
surrounding buildings along the path in tunnel drilling, the settlements created in the surface should 
therefore be investigated, and minimized to prevent any possible damages to the surrounding buildings. 
Pack (1969) has made investigations on soil settlements as a result of tunnel drilling. He experimentally 
presented statistical normal distribution curve. According to the statistical normal distribution curve, 
surface settlement can be calculated by equation 1 (Peck,1969) 
 (1) 
where, Smax  stands for the maximum surface settlement over tunnel axis, S(x) surface settlement at 
distance X from tunnel symmetrical axis and i inflection point of the curve. Fig. 1 depicts statistical 
normal distribution axis. 
Although this relation is theoretically baseless, it has been selected due to its similarity to the 
experimental form. As seen, the settlement curve at the surface is shown by Parameter i and Angle ȕ. 
These parameters can be determined considering the depth and diameter of the tunnel as well as the type 
of soil. Neu and Orili (1982) presented some relations for determining the inflection point of settlement 
curve, i, as below: 
 i= 0.43 (Z0-Z) + 0.1                   3<Z0<34        For Cohesive Soil                                                              (2) 
 i= 0.28 (Z0-Z) + 0.1                   6<Z0<10        For Granular Soil                                                               (3) 
As seen, in cohesive soil, the range of the settlement curve extends more over the surface. Meanwhile, 
another factor, playing role in determining the amount and manner of the surface settlement, is the 
surcharges arising from above-surface structures that can increase the settlement and development of its 
range (Brinkgreve and Vermeer, 1998). 
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Fig. 1: Pack's proposed curve on the land settlement (Peck, 1969)                                        
Table 1: material properties of the building 
 UnitFloor/wallParameter
- elastic Material model 
kN/m 5e6 Normal stiffness 
kNm2/m 9000 Flexural rigidity 
kNm/m 5 Weight 
- 0 Poissons ratio  
 3.  METHOD OF MODELING 
One the items, being considered for modeling by the limited element method, is the geometry intended 
for investigation of the problem. It should be selected in such a way as to prevent formation of 
inappropriate effects (are developed as a result of wrong selection of model dimensions) on analyses 
results from boundary conditions (Mair, 1998). 
Hence, for the intended geometrical section modeling, the model width and depth are considered to be 70 
m and 35m respectively. Fig. 2 depicts the said model and its supporting conditions. The modeling is 
conducted by Plaxis Spreadsheet. In this modeling, after balancing the surrounding area of a five-storey 
building, as far as needed for usual urban building, in which one storey is located within the primary layer 
as shown in Table 1. The width and height of the building are 6m and 25m respectively. The total amount 
of dead load and the percentage of the live load, being exerted on each storey, is calculated and its 
maximum amount is 5 KN/m2. This amount is exerted on the structure as the weight of floors and walls. 
Finally, a tunnel, 6m in length, (similar to the conventional tunnels of urban subway) is drilled, and the 
effects of such a drilling on this building is evaluated. It is obvious that the asymmetrical settlements 
being presented in the environment and beneath these buildings (as lifeline) can highly influence its non-
applicability or destruction. 
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Fig. 2: Display of model and supporting conditions 
Table 2: Material properties of the subsoil 
Angle of 
friction 
Layer
thickness
) (m
Density 
(KN/m3)
Elasticity 
modulus
(KN/m2)
Poisson,s
ratio
Adhesion 
(KN/m2)
Layer
23 1 3 16 1.5*104 0.35 15 1 
25 2 32 18 2.6*104 0.35 30 2  
4. INTRODUCTION OF THE MODEL 
In this model, the geological specifications of the region are in such a way that there are two different soil 
layers. The upper layer with 3m height is of manual materials; and formed by low resistant parameters; 
the lower layer with 37m height has fine grained clay; and its specifications are shown in Table 2. In the 
model, the problem lacks any underground water; and the earth materials are drained. Meanwhile, soil 
behavior model is of Mohr- Colomb Type. 
5. EVALUATION OF THE RESULTS  
The calculations are conducted in three phases. In the first phase, the effect of the structure is first exerted. 
In the second phase, the deformation arising from the previous phase is getting zero. The tunnel is then 
drilled and the cover is defined for it. Finally, in the third phase, the effect of the earthquake and the 
displacement takes in to consideration. The figure below shows the output of the software. The purpose of 
the study is to investigate tunnel drilling on the next structures in two cases. In the first case, earthquake is 
not considered; and in the second case, its effect is considered. It is noteworthy that Tabas Earthquake is 
considered here and the acceleration curve is as described in the figure(Figure 3). In order to investigate 
the case, two points, A, B are considered in the structure according to Figure 4; and their settlement is 
then determined in two cases. After that the relative settlement of the structure is determined. The 
M. Azadi and A. Zahedi / Procedia Engineering 14 (2011) 3155–3161 3159
displacement curve of these points, considering the earthquake, are according to Figs. 5 &6. According to 
the calculations being made, the maximum settlements at points A & B (for the case, in which the 
earthquake is not included) are 12mm and 14mm respectively. Hence, the relative settlement arising from 
tunnel drilling is 2mm at this point; and in case of existence of earthquake, these amounts become -
15.8mm and 19.2mm respectively; and the relative settlement is 35mm. 
The settlement occurs 19.2mm in the time 10.82 (s) and 15.8 mm settlement at the beginning time. This is 
while the rate of settlement at second 11 which is the end time of the earthquake, is 5.82 mm. So, it can 
be concluded that in dynamic state, compared to static state, relative settlement has increased to about 
97% which is a considerable rise. 
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Fig 3: Acceleration curve (for Tabas Earthquake) 
 
Fig 4: Situations of Points A & B 
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Fig 5: Displacement curve of the point near to tunnel axis (A) 
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Fig 6: Displacement curve of the point farthest from tunnel axis (B) 
6. CONCLUSION 
As tunnel approaches the building, the induced stress value increases. The settlements formed on the 
surface should be therefore investigated and minimized to prevent damages to the surrounding buildings. 
Given the investigations being made, as the distance of surcharges from the tunnel axis increases, the 
surface settlements decrease and finally reach a constant value, which is considered the constant value of 
the settlement arising from the soil weight being independent of surcharge value. Meanwhile, Making use 
of settlement control operation in two general and relative cases and comparing the results and the 
standards being presented indicate if the results arising from the analyses obtained are within the 
allowable limit. The study investigated the effect of tunnel drilling on its adjacent structure and calculated 
the relative settlement of the structure in the both case of occurrence and non-occurrence of an earthquake. 
Considering the existing justifiability, it can be concluded that the settlement formed beneath the building 
is located within the allowable limit. 
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